Objective: In this manuscript we conduct descriptive analysis of epidemiological patterns in older Americans' experiences with diabetes, comorbid chronic conditions, and sexuality. We use data from the National Social, Health, and Life Project (NSHAP) to explore variations in sexual and social experience among Americans with diabetes in later life.
INTRODUCTION
In recent years, studies exploring the experience of diabetes [1] and later life sexuality [2] have begun to gain prominence in both medical and social science fields. In Europe, for example, researchers have demonstrated significant relationships between diabetes conditions and frequency of sexual activity in middle and later life [3] . Further, researchers have begun to demonstrate patterns of sexual dysfunction in cisgender women [4] and men [5] related to symptoms and experiences with diabetes of varied types. In fact, large scale European samples reveal life-long relationships between diabetes diagnoses and experience and the development of sexual experience, taste, and desire [6] . While these studies have importantly begun to shed light on relationships between aging, diabetes, and sexualities, we know far less about epidemiological patterns in sexual desire among people with diabetes, and the ways such patterns may play out in the American case.
In this study, we begin the process of analyzing epidemiological patterns in older Americans' experiences with diabetes and sexuality. To this end, we utilize data from the National Social, Health, and Life Project (NSHAP), a nationally representative sample of apparently cisgender older Americans [7] , to explore variations in sexual and social experience among Americans with diabetes in later life. As such, this research report explores three questions. First, how do sexual behavior and interest vary among older adults with and without diabetes? Second, do older adults with diabetes frequently cite health issues as a reason for abstaining from sexual activity? Third, what role might interrelated socio-demographic characteristics play in these patterns? For the purposes of this report, we define "sexual behavior" as engaging in sexual activity of any type. We define "sexual interest" as feeling that sexual behavior is important and/or thinking about sexual behavior frequently. We define "diabetes" as any type of diagnosed diabetic condition (type I, type II, or cases involving elements of both).
In conclusion, we draw out implications of our findings for further research concerning the intersection of diabetes and sexuality in the lives of older Americans.
METHODS

Data and Subject Selection
We explored these questions using data from Wave I of the National Social Life, Health, and Aging Project (NSHAP). Developed between 2005 and 2006, this biosocial dataset provides information on physical, mental, and social health among United States residents aged 57 to 85. Data for the NSHAP is collected via a combination of questionnaires (administered during home visits), in-home interviews, and basic clinical techniques such as using cotton swabs to collect small amounts of saliva (performed during home visits). Samples of bodily fluids are used to measure levels of biomarkers, which are substances present in the body that offer clues about health status. C-reactive protein, an indicator of inflammation, is an example of a biomarker that the NSHAP measures.
NSHAP data documentation describes the study sample as "a nationally representative probability sample of community-dwelling individuals" [8] . Certain groups within the study population (African Americans, Latinos, men, and persons 75 to 85 years of age) are oversampled to boost statistical power (Waite et al. 2007 ). Several key demographic groups are also not captured explicitly; we comment on this in our discussion of study limitations.
We used NSHAP data capturing diabetes and other diagnosed chronic conditions; sexual behavior and interest; and sex identity, ethnoracial background, and educational attainment. In addition to diabetes, the specific chronic conditions measured by the NSHAP are: arthritis, ulcers, emphysema or chronic obstructive pulmonary disease (COPD), asthma, stroke and its lasting effects, hypertension, Alzheimer's or dementia, cirrhosis, leukemia, lymphoma, skin cancer, any other cancer, poor kidney function, thyroid problems, and enlarged prostate. The NSHAP dataset includes 3,005 individual cases in total. After dropping any cases with missing values on our variables of interest, we retained an analytic sample of 2,552 people, accounting for 84.9% of the total NSHAP population at Wave I. Of these individuals, a total of 530 reported having diagnosed diabetes. Further stratification revealed that 29 of these individuals only had diabetes, whereas 501 had diabetes in combination with one or more other chronic conditions. Over half of our total sample reported being sexually active, with 1,304 participants reporting having sex in the past year and 1,248 reporting the opposite. Our study sample is described fully in Table 1 
Research
We sought to achieve a high level of detail in our description of diabetes and other chronic condition prevalence estimates across population groups. We thus chose to represent the full range of characteristics assessed by the NSHAP on our measures of interest, instead of collapsing any of the categories for variables with wide ranges of response options.
In the case of ethnoracial background, we used data from two different NSHAP variables to create our own diversified measure of heritage including information about Hispanic ethnicity in the dataset's large White population. In all other cases, we simply recoded real and missing values of single NSHAP variables to facilitate analysis. 
Strategies for Analysis
We used descriptive epidemiology techniques to analyze our data. To create our "prevalence" tables, we computed frequencies of each specific response to questions about sexual behavior and interest in each diabetes status category and sociodemographic group. We outlined the following categories for diabetes status: diabetes only, diabetes and other chronic conditions, other chronic conditions only, and no chronic conditions. We also created a master "diagnosed diabetes" category for the intersectional analyses stratified by sociodemographic characteristics, which included all respondents diagnosed with diabetes. We used Stata 12 Special Edition to create and describe our analytic variables as outlined above, and to drop any cases from the full NSHAP sample that lacked real data on one or more measures of interest.
We then continued working in Stata to compute counts of people with each specific response to the three included questions about sexual behavior and interest across any categories we were interested in for each of our three research questions. Using Stata's "summarize" and "bysort" commands with "if " statements, we obtained frequencies of each response across diabetes status categories and sociodemographic groups. We also used "summarize" and "bysort" commands to compute the group-specific sample sizes (e.g., number of people with diabetes identifying as Black) that we would need for the next phase of analysis.
To compute sexual behavior and interest frequencies in each group of interest, we transferred our raw counts to Microsoft Excel, along with our overall counts of people with specific diabetes status and sociodemographic characteristics from the full analytic sample. Using "product" functions in Excel, we proceeded to compute the percentage of people in each group of interest offering a given response to each of the three questions about sexual behavior and interest. These functions multiplied number of respondents reporting that response by one over the number of people in the possible respondent pool (e.g., people with Bachelor's degrees who report thinking about sex less than once a month). Tables 2, 3 , 4, 5, and 6a-c. Overall sample sizes for these tables varied by research question. Tables 2, 3 , and 4 use the full sample of 2,552 people to capture an overall portrait of differences in sexual behavior and interest frequencies across all diabetes status categories. Table 5 uses data on only those 1,248 respondents reporting no sexual activity in the past year. Tables 6 a, b , and c use data on only those 530 participants with diagnosed diabetes, including those with and without other chronic conditions. We used a similar process to describe our overall study population in Table 1 , using the full sample size of 2,552 people as the denominator for product functions. Outputs from each product function were expressed as percentages for ease of interpretation across disciplines. Even in cases where the variable of interest is considered a health condition, we thus refer to these values as "frequency" rather than "prevalence" estimates, as the latter are usually expressed in cases per 100,000 population [9] .
These computations in Excel yielded contingency values for
RESULTS
Research Question 1: How do sexual behavior and interest vary among older adults with and without diabetes?
We first assessed variation in sexual behavior and interest among older adults with different health statuses. Included NSHAP respondents were broken into four groups: diabetes only, diabetes and other conditions, other conditions only, and no chronic conditions. We used these groupings to examine differences in recent sexual activity, importance of sex, and thinking about sex. Table 1 illustrates key patterns in prevalence of diabetes, engagement in sexual activity, and interest in sex for our study population (n = 2,552). Diabetes was relatively common among NSHAP respondents. Most of the participants in our population who had diabetes (20.7% of sample in total) also had at least one other chronic condition (19.6% of sample) versus only diabetes (1.1% of sample). By comparison, many participants without diabetes were also living with one or more chronic conditions (68.3% of sample). The smallest group by far was participants with no diagnosed chronic conditions (11.0% of sample). Sexual activity was even more common among NSHAP respondents. A majority of our study population (51.1% of sample) had engaged in sex at least once during the past year, compared with the remaining participants (48.9% of sample) who had not. A roughly equivalent quantity (55.4% of sample in total) felt sex was at least moderately important to them. Thinking about sex at least once weekly was somewhat less frequent (39.1% of sample in total) but still quite common. Table 2 illustrates the distribution of sexual activity in our study population (n = 2,552) by diabetes status. The majority of our populations with diabetes only (48.3% of group) and diabetes and other conditions (42.3% of group) had not been sexually active in the past year, whereas the majority of our populations with other conditions only (51.1% of group) and no chronic conditions (66.8% of group) had been sexually active. Overall, people with no diagnosed conditions were substantially more likely than any other group to be sexually active. Among people with chronic conditions, diabetes was associated with lower sexual activity than other conditions alone. Among people with diabetes, those with comorbid conditions were less likely than their peers with only a diabetes diagnosis to be sexually active. People with diabetes plus other chronic conditions were substantially less likely (by about 35%) than their peers with no chronic conditions to be sexually active. Table 3 illustrates the distribution of perceived importance of sex in our study population (n = 2,552) by diabetes status. The majorities of all four groups (62.0% for diabetes only, 52.3% for diabetes with other conditions, 55.6% for other conditions only, and 59.4% for no chronic conditions) were likely to find sex at least moderately important. Overall, people with diabetes (52.8% of aggregate group) were still somewhat less likely than their peers without diabetes (56.1% of aggregate group) to find sex important, but these differences were smaller than the corresponding ones for sexual activity explored in Table 2 . Indeed, people with diabetes only were more likely than those with other chronic conditions only and those with no chronic conditions to find sex moderately important. Table 4 illustrates the distribution of thinking about sex in our study population (n = 2,552) by diabetes status. Large proportions of all four groups (51.6% for diabetes only, 34.0% for diabetes with other conditions, 39.0% for other conditions only, and 47.5% for no chronic conditions) reported thinking about sex at least once a week. Overall, people with diabetes (34.9% of aggregate group) were still somewhat less likely than their peers without diabetes (40.2% of aggregate group) to think about sex frequently, but these differences were again smaller than the corresponding ones for sexual activity explored in Table  2 . Indeed, the only group in which a majority of people reported thinking about sex at least weekly was those with diagnosed diabetes not comorbid with other conditions. Table 5 illustrates the frequency with which people who were sexually inactive in the last year (n = 1,248) cited health issues as reasons for not having sex. In no case did a majority of group members report that health issues prevented them from having sex in the past year. People with diabetes only (6.7% of group) were much less likely than people with diabetes and comorbid conditions (32.0% of group) to report health issues as barriers to sexual activity. Overall, people with diabetes were substantially less likely to report health issues as a barrier to sex (30.6% of aggregate group) than they were to say health issues were a barrier (69.4% of aggregate group). A similar but more dramatic pattern was observed for people who only had other chronic conditions (21.2% and 78.8% of group). Compared to people with no chronic conditions (9.5% of group), people with diagnosed diabetes were three times as likely to cite health issues as a barrier to sex, whereas people with other chronic conditions but no diabetes were only twice as likely to do so.
Research Question 3:
What role might intersectional sociodemographic characteristics play in these patterns? Table 6a illustrates differences in sexual activity, importance of sex, and thinking about sex among participants with diabetes (n = 530) by sex identity. We observed striking differences between males and females with diabetes Table 6c illustrates differences in sexual activity, importance of sex, and thinking about sex among participants with diabetes (n = 530) by educational attainment. We observed substantial differences between people with diabetes of different education levels for all three sexuality measures. We note that the patterns we observed for all three measures would be upright or inverse U-shaped if plotted as separate curves for each response level of each measure. Conceptualizing the results in this manner revealed a general pattern of somewhat higher sexual activity and interest among respondents with diabetes with Associate's and Master's Degrees as their highest levels of educational attainment, and substantially higher sexual activity and interest among their peers with only Bachelor's Degrees. We likewise note that overall, both reporting that sexual activity was at least moderately important and thinking about sex at least weekly were quite common across educational groups. Even in cases where a majority of group members did not give these responses, the prevalence of higher and lower interest in groups was still relatively balanced.
DISCUSSION Key Findings
Our analyses present some key findings for further developing research into relationships between diabetes and sexuality in later life. Our population, for example, was rather sexually active -over 50% having engaged in sexual behaviors in the past year -so our findings automatically contradict the notions that (1) older adults do not experience sexual desire and/or engage in sexual activity, and that Research (2) living with chronic conditions necessarily decreases older adults' desire for and engagement in sex. In fact, it appeared that people were engaging in higher rates of sexual behavior than they were even thinking about if they did not have diabetes. People with diabetes, however, did not match this pattern. In fact, as studies of European samples have noted [1, 3, 6] , people with diabetes -whether isolated or comorbid -were having substantially less sexual activity than their peers with both other conditions and no conditions.
At the same time, sexual behavior was about equally important on the whole to people with and without diabetes. The only group that demonstrated slight differences were the people with no conditions, but people with different clusters of chronic conditions looked rather similar on most measures. The patterns for thinking about sexual behavior paralleled those for the perceived importance of sexual behavior, which suggests that the lower rates of sexual activity among people with diabetes do not owe to a lack of sexual desire [see also 4, 5 for reviews of studies finding similar patterns with other populations]. Rather than a lack of desire, it appears that diabetes itself significantly impacts sexual opportunity and/or functioning among older adults in ways that should be assessed and evaluated on a broader scale.
Although many respondents with diabetes cite health issues as a sexual barrier and many who do so also experience comorbidity with other conditions, diabetes by itself, other conditions without diabetes, and no conditions were associated with substantially lower interference with sexual behavior related to health. Even among people with comorbid diabetes, fewer than 30% cited health as the barrier to their sexual behavior. This presents an interesting question for clinicians and researchers. What is happening to make rates of activity so much lower among older adults with diabetes if health concerns do not even account for half of the problem? Could it be the way people's partners view them because of their diabetes (i.e., see them as less able or desirable even when the condition does not actually change their desire)? Similarly, could it be that, even when health issues are at play, people utilize existing cultural scripts about gender and sexualities (i.e., "I have a headache" or "I'm tired" or "I'm not in the mood") to explain the absence of sexual engagement without explicitly referencing health in general or specific conditions [10, 13] ? Understanding this puzzle may create intervention strategies capable of enhancing the sexual options and experiences of many people managing diabetes -comorbid or otherwise -in later life.
Although most research concerning relationships between diabetes and sexuality focuses almost entirely on medical and/or clinical dynamics [1] , the variables available in the NSHAP also allowed us to look into some of the socio-demographic patterns in our respondents' experiences. People who identify as female appear to be lacking sexual engagement despite continuing sexual desire, which may be the result of gendered double standards concerning bodies and sexual desirability noted in other studies of gender and chronic health conditions [10] . Given that living with diabetes often goes hand in hand with heavier body development and that heavier women -cisgender and transgender -face significant stigma in contemporary American society, there may be much to learn by exploring the ways sexual partners of women managing diabetes -as well as the women themselves -sexually evaluate the bodies and self-presentations of females with diabetes [1, 6, 10] .
We also see consistent patterns suggesting Black adults with diabetes have compounded disadvantages noted in other populations managing both racial minority status and health-related experiences [11] . When we factor in literatures concerning Black female bodies, sexuality, and health [12, 13] , for example, these patterns appear quite striking, and suggest there may be much to learn from systematic examinations of the experiences of Black people -and especially Black cis and trans women -managing diabetes, sexualities, and bodily appearance. What might we learn by asking Black people how they interpret and make sense of the sexual potential of people with diabetes -whether Black or otherwise -as well as the ways Black people with diabetes manage their sexual desires, options, and experiences?
Finally, our analyses point to not unexpected but still potentially interesting findings concerning education [see also 14 for similar findings related to education and chronic health conditions]. In fact, some of the variability, as noted in other studies [14] , related to education may be tied to race or gender dynamics overall. That said, we did note that people with middle levels of education tended to be more sexually active, more interested in sexual activity, and more inclined to think about sexual activity more frequently. While this parallels other trends we have seen in relationships between education and health [14] , such patterns are almost never explored in relation to specific relationships between diabetes and sexuality. Our findings thus suggest work in education and health should expand to explicitly consider factors and nuances related to managing both diabetes and sexuality in later life.
reporting diabetes without other conditions. This limited our ability to observe variation among people whose main health issue was diabetes. We further note that we could not say with total confidence that people identifying as only having diabetes had no other chronic conditions, as this measure was collected using diagnosis information and also was only relevant to the 16 conditions formally assessed by NSHAP.
In the same spirit, we strongly caution against overinterpretation of our findings for the "none of the above conditions" measure. People in this category did not necessarily have no chronic conditions at all, only none of those captured by the 16 commonly diagnosed condition variables in NSHAP. Overall, we felt reasonably confident in our general understanding of people's health status, but much less confident in our ability to articulate the nuances and complexities of these health states. We thus join other scholars in calling for diverse and prolific research engaging multiple sources of information about different types of chronic conditions and what it means to live well with them [17] . Developing more sources that do not exclusively hinge on diagnosis, and consequently its many limitations [18] , is crucial to this effort.
We also note that as with any "nationally representative" datasets, several key demographic groups are also not captured explicitly [7] . For example, transsex, intersex, gender nonbinary, same sex attracted, bisexual, asexual, and nonsexual people are often not given the opportunity to document these attributes. Although people with these characteristics may be included in the total participant pool, we cannot comment meaningfully on their experiences using this dataset. Indeed, our findings for male and female study participants might appear much more nuanced if we had access to more detailed information about their sex, gender, and sexuality. We thus join other scholars in calling for increased attention to the diversity of sex, gender, and sexuality in research on physical health [19] and extend this recommendation to scholarship on diabetes specifically.
Because we only used data from Wave I of the NSHAP to assess condition frequencies, we avoided potential issues with cohort inversion. This can happen when certain groups in an analytic sample appear to become gradually healthier over time relative to their peers because members with profound health challenges die prior to subsequent waves of data collection [15] . Combining a specific focus on late life with a cross-sectional view of our population's characteristics largely prevented the possibility of cohort inversion skewing our results. However, we do note that we might find different patterns were we to replicate this cross-sectional approach with a midlife or early adulthood population. Such differences would suggest that perhaps diabetes can impact sexuality differently as people move through the life course [6] .
Limitations
Our study is notably limited by the fact that we could not distinguish between populations with type 1 diabetes, type 2 diabetes, and complex cases involving elements of both type 1 and type 2. Our framework here suggests, as do substantial bodies of prior research [16] that certain social health impacts of living with diabetes may be at least somewhat shared among people with diabetes as an aggregate group. But we cannot suggest that we would see consistent patterns for each group affected by diabetes were we to replicate this study using data incorporating information about the unique characteristics of each person's condition.
Additional uncertainty was introduced by our small sample of people with diabetes without comorbid chronic conditions. Whereas we had 501 people with diabetes and comorbid conditions in our population, we only had 29
